Four groups of 1-mo-old male senescence-accelerated mice (SAMP8) were fed Polygonum multiflorum Thunb. (PM) extract for 18wk to determine the effect of PM on memory ability and histopathological changes in mice. The baseline diet consisted of a ca sein diet group, and the three test diets were supplemented with 50% ethanol, 95% ethanol, or water extracts of PM. It was found that the mice fed with PM extracts had better active shuttle avoidance response, fewer vacuole numbers, less lipofuscin in the hippocampus, and lower MDA concentrations in the brain. Our data showed that the ethanol PM extract groups (both 50% and 95% groups) had lower lipofuscin percentages and MDA concentra tions, and higher total thiol concentrations than the water PM extract group. The 50% ethanol PM extract group showed significantly lower total cholesterol and triglyceride val ues than the other groups, but the HDL cholesterol level was the same. These results suggest that dietary supplementation with either ethanol or water extracts can reduce brain patho logical changes and promote learning and memory ability. The performance of PM extracts depended on the extraction method, with ethanol extraction tending to obtain better re sults.
Free-radical-involved oxidative stress has been impli cated in the aging process, such as the development of age-related cardiovascular disorders including arte riosclerosis and hypertension (1) . Many chemical com pounds in Chinese herbs have antioxidant activity. For example, yukmi extracts have been found to increase the activities of hepatic superoxide dismutase (SOD) and catalase, and effectively block the paraquat-induced ef fects on malondialdehyde (MDA) levels in mouse liver (2) . Polygonum multiflorum Thunb. (PM), the root of a Chinese herb, has been used for centuries in the Orient as a tonic and anti-aging agent. In clinical studies, PM has been shown to improve hypercholesterolemia, coro nary heart disease, neurosis, and other diseases com monly associated with aging (1, 3, 4) . It has also been shown to promote vasorelaxation (5), act as an anti bacterial agent (6) , as an antimutagen (7) , and to sup press lipid peroxidation in rat heart mitochondria (8) . The medicinal effects of PM in treating disorders, espe cially age-related diseases, are possibly mediated by the antioxidative ability of PM (9) . Researchers have demonstrated that the antioxidant activity of PM ex tracts can promote cellular antioxidant activity, in crease the function of SOD, inhibit the formation of oxi dized lipids, and repress lipid peroxidation in the mito chondria of rat heart (4, 8) .
Aging is associated with impairments in a variety of biological functions. One of the most striking is the im 
RESULTS
The body weight change and food intake of different diet groups are shown in Table 2 . There were no differ ences among the control and PM extract groups, and there was no significant difference among the results of the three different PM extract groups (p>0.05). These results indicate that the intake amounts of the four groups were similar. Table 3 shows the results of locomotion tests in SAMP8 mice fed with different diets. No differences in locomotion activity were observed among the PM and control groups (p>0.05), and there were also no signif icant differences found between the three PM extract groups. Figure 1 shows the mean successful avoidance scores of the experimental groups. The scores of all three PM extract groups were significantly higher than those of the control group (p<0.05), but there were no significant differences among the three different PM ex tract groups in the second, third and fourth days. These results indicate that PM can improve the learning and memory abilities of the mice. The vacuole numbers and lipofuscin percentage in the hippocampus of SAMP8 mice fed different diets for 18wk are shown in Table 4 . All the PM extract groups had lower vacuole numbers than the control diet group (p<0.05), while no significant difference among the PM extract groups was observed. The lipofuscin per centages in the hippocampus were also lower in all the PM extract groups (p<0.05), while the 50% and 95% ethanol PM extract groups showed lower percentages than the water PM extract group (p<0.05). Figure 2 shows the MDA and total thiol concentra tions among the different diet groups. The MDA con centrations in the brain of both 50% and 95% ethanol PM extract groups were significantly lower than that in the control group (p<0.05), but no difference was found between the water PM extract group and the control group. The total thiol concentrations were higher in both the 50% and 95% PM extract groups, but not significantly different in the water PM extract group and control group (p>0.05). Figure 3 shows the serum lipids of the different diet groups. The total cholesterol and triglyceride levels in the 50% ethanol PM extract group were significantly lower as compared to the other groups (p<0.05), but there was no difference in the HDL cholesterol levels among all of the groups (p>0.05).
DICUSSION
SAMP8 is a murine model system that exhibits re markable age-related deterioration in learning and memory when challenged with various learning tasks such as passive avoidance, two-way active avoidance, and water maze tests (19, 20) . Thus, it is thought to be an excellent animal model for studying deficits in learn ing and memory. The active avoidance (shuttle avoid ance) test was used to evaluate the learning and mem ory functions in this study. In our experiments, the suc cessful avoidance scores of the control group were sig nificantly lower than those of all three PM extract groups (p<0.05) (Fig. 1) , suggesting that chronic oral administration of PM might decrease age-related learn ing and memory deterioration. However, there was no significant difference among the three different PM ex tract groups. Humans with dementia attributed to Alzheimer's disease (AD) have a degree of disturbance in antioxi dant balance that may predispose increases in oxidative stress (21) . AD involves neuronal degeneration in the hippocampus, which is thought to be particularly asso ciated with memory and higher intellectual functions (22) . Since the hippocampus plays a vital role in cogni tive performance, we selected this tissue to evaluate the morphological changes. Our results showed that all the PM extract groups had lower vacuole numbers than the control diet group, while no significant difference among the PM extract groups was observed ( Table 4) . The impairment in cognitive functions, such as learn ing and memory ability, is probably related to the vul nerability of the hippocampus during the aging process because several cognitive functions rely on the integrity of this brain area (10) . In SAMP8 mice, the spongy degenerations (vac uolization) in the brain stem and spinal cord, especially in the reticular formation, have been shown to be closely related to learning and memory deficits (23) . Old mice usually have higher vacuole numbers than young mice, indicating rapid development of the sponge caused by aging. In this study, the number of vacuoles in the hippocampus was lower in all the PM extract groups than in the control group, suggesting that PM extract could inhibit the spongy production.
The lipofuscin percentages in the hippocampus were also lower in all PM extract groups, while the 50% and 95% ethanol PM extract groups showed lower percent ages than the water PM extract group (Table 4) . It has been suggested that lipofuscin deposits represent the ac cumulation of the peroxide active action of free radicals, and can be used as a marker for oxidative stress and aging (24, 25) . Since PM extract can decrease the lipo fuscin percentage, it was suggested that PM might pro tect the hippocampus from the attack of free radicals. Our data shows that all PM extracts could significantly decrease the vacuole number, lipofuscin percentage, and MDA concentration in the brain of SAMP8 mice.
Liu and Mori (26) Free radicals are known to oxidize the polyunsatu rated free fatty acids of the cellular membrane and thiol groups of free amino acids that subsequently result in cell damage (27, 28) . Rodriguez-Martinez et al. (29) re ported that the MDA levels increased two and threefold in 24-and 30-mo-old rats when compared to 6-mo-old rats, and therefore concluded that lipid peroxidation in creases with age. From our data, both the 50% and 95% ethanol PM extract groups had significantly lower MDA concentrations in the brain after 18wk of feeding, indicating that the ethanol PM extracts were more ef fective for inhibiting lipid peroxidation. The processes of neurodegeneration with aging have been proposed to be associated with the generation of free radicals (30, 31) . For protection from damage due to oxidative stress, a well-coordinated network of antioxidant defense sys tems is essential.
Kim et al. (3D) found that the total thiol level in old rats is significantly lower than that observed in young rats, and the reduction of thiols was exacerbated by the lowering of GSH levels. Rao et al. (32) reported that the SOD and catalase (CAT) activities of the brain in Fisher F344 rats significantly decreased with age, while glu tathione peroxidase (GPx) was not changed. The fact that antioxidant systems are not equal among different brain regions has been reported (31, 33). Ansari et al. (33) found that the GPx and CAT activities were differ ent among 5 CNS regions in Fisher F344 rats, while il lustrating that the activities of SOD, CAT, and GPx did not change with age. Hussain et al. (31) demonstrated that the antioxidant enzyme level varies in different brain regions of C57BL/6N mice, but the overall antiox idant enzyme activities tend to increase with age. However, the relationships between antioxidant defense with aging and the different regions of the brain are complex. Our data shows that the ethanol PM extract groups (both 50% and 95% groups) had a higher total thiol concentration in the entire brain than the water PM extract group. Wang (34) found that both the 50% and 95% ethanol PM extract diet groups had signifi cantly higher GSH-Px and SOD activities in the brain of SAMP8 mice than those in the water PM extract group. Further studies are necessary to fully understand the ef fects of PM on the antioxidant status in different brain regions.
Our results shows that the ethanol PM extract groups (both 50% and 9 5% groups) had lower lipofuscin per centage and MDA concentration, and higher total thiol concentration than the water PM extract group. When comparing the food intake between different PM diet groups, no significant difference was found, suggesting that the differences between the ethanol and water PM extract groups were not cause by the intake amount.
Wang (34) evaluated the antioxidative activities of water, 50% ethanol, and 95% ethanol PM extracts by determining their DPPH radical scavenging abilities. In an in vitro study, they found the DPPH radical scaveng ing abilities of the PM extracts followed the order of 50% ethanol PM extract>95% ethanol PM extract> water PM extract. In the in vivo study, Wang (34) found that both the 50% and 95% ethanol PM extract diet groups had significantly higher antioxidant enzyme ac tivity, including GSH-Px and SOD, in the brain of SAMP 8 mice than did the water PM extract group. These findings all demonstrate that ethanol PM extracts (both 50% and 95% ethanol PM extracts) tend to have higher antioxidant ability than water PM extract.
It is well known that nonpolar substances have a higher possibility to pass the blood-brain barrier (BBB) directly, whereas most of the polar soluble substances have to depend on the assistance of carriers. The au thors suggest that the 50% and 95% ethanol PM ex tracts may contain more nonpolar compounds, and these compounds can pass the BBB more effectively and protect the nerve cells from oxidative stress. Another possible explanation is that the antioxidant components in the PM extracts were different due to different extrac tion methods. Wang (34) reported that the gallic acid level in the 50% ethanol PM extract was 136.3mg/g, which was significantly higher than that in the water PM extract (51.4mg/g) and 95% ethanol PM extract (39.53mg/g).
The total cholesterol and triglyceride levels in the 50% ethanol PM extract group were significantly lower as compared to the other groups, but there was no dif ference in HDL cholesterol level (Fig. 3) . Our results are consistent with those of Zhang et al. (3) , whose data showed that PM extract could reduce the plasma cho lesterol levels in rats. It was reported that PM could af fect the activity of HMG-CoA reductase in the liver, and can therefore reduce cholesterol synthesis in the liver (35) . However, the mechanisms by which 50% ethanol PM extract lowers the serum lipids need further study. 
